ABSTRACT
Introduction
The global prevalence of obesity has been increasing and is fast approaching epidemic proportions in many countries [1] [2] [3] [4] . Obesity is associated with a significant disease burden and costs and is therefore an important public health concern. For example, obesity is an important independent risk factor for cardiovascular disease [5, 6] . The total direct and indirect annual costs of obesity in the 15 member states of the European Union amounted to 32.8 trillion euros in 2002 [2] . In the United States, in 1995, the total cost attributable to obesity amounted to $99.2 billion, with approximately $51.64 billion being direct medical costs [7] . To the best of our knowledge, similar data are not available for Asia.
There is an increasing recognition of the association between high or low body mass index (BMI) and healthrelated quality of life (HRQoL) [8, 9] . HRQoL refers to the overall impact of a medical condition on the physical, mental, and social well-being of an individual [10] . In a cross-sectional study involving 5,817 people aged 14 to 61 from the general population, being overweight was associated with poorer functional status, considerable pain, worry, and restricted activity [11] . In another cross-sectional study involving 5633 people aged 16 to 64 years from the general population, obesity was similarly found to be associated with worse HRQoL as measured by the SF-36, and this association was reportedly modified by age and sex [12] . Besides crosssectional studies, other studies have evaluated the impact of weight loss interventions [13, 14] on HRQoL with mixed results. In a meta-analysis of 34 randomized controlled trials with behavioral, surgical or pharmacological interventions, nine showed improvements in HRQoL measured using generic instruments [15] . Nevertheless, overall quality of these trials was judged to be poor. Mixed results were also obtained from trials evaluating the impact of bariatric surgery on HRQoL [16] . A review of the impact of LAP-BAND placement reported all aspects of HRQoL improved substantially, especially physical disability, and post-weight-loss HRQoL measures approximated those of the general population [17] . Although several studies have shown that obese subjects are more likely than nonobese subjects to suffer from poorer physical health [18, 19] and in some studies, poorer mental health [20, 21] , the relationship between obesity and HRQoL among Asians is poorly understood. To the best of our knowledge, there was only one such published study to date [22] , which studied only one ethnic group (Chinese) and showed that excess weight was associated with worse physical health, but not mental health. Given that Asia is a culturally diverse region, a better understanding of the relationship between obesity and HRQoL in a multiethnic Asian population would be important. Additionally, few studies (in the East or West) have evaluated the association between being underweight and HRQoL. Using three measures of HRQoL (the EQ-5D, EQ-VAS, and SF-6D) [23] , Sach et al. found that underweight subjects reported significantly poorer HRQoL compared to normal-weight subjects as measured by the SF-6D. This result was not confirmed by the scores from the EQ-5D and EQ-VAS. Huang et al. [22] reported that compared to normal-weight subjects, underweight subjects had similar or slightly lower scores on the physical health subscales of the SF-36 and clearly lower scores on the mental health subscales of the SF-36 domains, although the differences were not clinically important (i.e., less than 5 points on a 100-point scale). Nevertheless, these results were not adjusted for the presence of medical conditions which themselves might lead to being underweight and/or might directly affect HRQoL. Given that being underweight could be associated with higher morbidity [24] [25] [26] [27] and mortality [28] [29] [30] , and poorer health-seeking behavior [31] , it is thus important to study the association between being underweight and HRQoL, with adjustment for other potential confounders.
In 2004, the World Health Organization (WHO) revised its recommendation for BMI cutoffs for Asians [32] (see Methods) based on evidence that compared to Caucasians, the risks of Type 2 diabetes and cardiovascular diseases among Asians is already substantial even at BMI lower than the existing WHO cutoffs for overweight (Ն25 kg/m 2 ). The evidence base for this recommendation could be further strengthened if there are other areas of health (e.g., HRQoL) in which risk of impairment is greater for Asians compared to Caucasians of comparable BMI.
Aims
Thus, the aims of this exploratory study were 1) to evaluate the association between BMI and HRQoL (at both overall and individual attribute levels) in a multiethnic Asian population in Singapore, and 2) to explore if HRQoL impairment is greater at BMI lower than the existing WHO cutoffs in this same population.
Hypotheses
Based on the literature, we hypothesized that 1) compared to normal-weight subjects, underweight, preobese and obese subjects would experience decrements in HRQoL, and 2) decrements in HRQoL would be larger for obese compared to pre-obese and smaller for underweight compared to obese subjects. To provide further evidence to support the revised BMI cutoffs, we would expect to observe a gradation in HRQoL across the five BMI categories defined by the Asian and International BMI classifications, with successively lower HRQoL being observed in successively higher BMI categories.
Methods

Subjects and Study Design
Chinese, Malay and Indian patients were recruited as part of an Institutional Review Board approved study of HRQoL performed at the SingHealth Geylang Polyclinic, a public health-care institution facility with 15 doctors responsible for delivering primary care. Inclusion criteria were aged 21 and above, ability to comprehend one of the four survey languages (English, Chinese, Malay, and Tamil) and absence of cognitive impairment as assessed by the recruiters.
Consenting subjects were interviewed by interviewers of the same ethnicity using a questionnaire containing the Singapore English, Chinese, Malay, and Tamil versions of the EQ-5D/EQ-VAS, HUI2, HUI3 and SF-6D. Validity of several of these instruments in this study sample was previously reported [33] [34] [35] [36] , while validity for others is currently being reported (Wee et al. unpublished data, 2006) . Scores for the EQ-5D, HUI2, HUI3, and SF-6D are all on the conventional scale in which dead = 0.00 and perfect health = 1.00. Sociodemographic and other factors known to influence HRQoL were also assessed. Physician-reported acute and chronic medical conditions were obtained using a standardized, pretested form.
Instruments
EuroQoL 5-Dimensions (EQ-5D). The EQ-5D is a generic, preference-based instrument comprising a health classification system with five dimensions (mobility, self-care, usual activities, pain, and anxiety/ depression), each with three response levels (no problem, some problems, and severe problems) and a visual analog scale (EQ-VAS). The health classification system describes a total of 243 health states, each of which is assigned a utility weight, range -0.594 to 1, using a utility scoring function derived from the UK general population using the time trade-off method [37] . We performed similar analyses using the US scoring function [38] but did not present the results here as they were very similar to those using the UK scoring function. Respondents classified and rated their health on the day of the survey. A difference of 0.07 or more in EQ-5D utility scores has been reported to be clinically important [39] while a difference of 5 or more in EQ-VAS scores has been proposed to be clinically important [40] . (HUI2 and HUI3) . The HUI2 and HUI3 consist of two independent but complementary systems, which together describe almost 1 million unique health states. Both instruments include a generic comprehensive health status classification system and a generic HRQoL utility scoring system, using a utility scoring function derived from a representative sample of the Canadian general population using the standard gamble (SG) and visual analog scale (VAS) methods [41] . The scores for HUI2 range from -0.03 (worst health state) to 1 (perfect health) and scores for HUI3 range from -0.36 to 1. The questionnaire used in this study was the self-assessment, selfcompleted version of the HUI 15Q (4-week recall period) that includes items sufficient to classify respondents in both the HUI2 and HUI3 systems [1, 2] . A difference of 0.03 or more for overall HUI2 and HUI3 scores is clearly clinically important [41] [42] [43] .
Health Utilities Index
SF-6D.
The SF-6D is a six-dimensional health classification system comprising physical functioning, social functioning, role-limitations, vitality, pain and mental functioning, with four to six levels per dimension, thus defining a total of 18,000 health states. The scores for SF-6D range from 0.29 to 1 and were obtained using a utility scoring function derived from a representative sample of the UK general population using the SG technique [44] . A difference of 0.04 or more in SF-6D scores is considered clinically important [45] .
Family functioning measure (FFM).
The FFM is a three-item scale (five-level response options, poor to excellent) previously validated in Singapore [46] , assessing the quality of interactions among family members [47] , with higher scores (range, 0-100) reflecting better family functioning. High FFM scores have previously been found to be associated with better HRQoL [48] .
Body mass index. We calculated subjects' BMI (kg/m 2 ) by dividing their weight (in kilograms) by the square of their height (in meters). Weight and height for all subjects were measured using the same instruments. We evaluated the relationship between BMI and HRQoL by treating BMI as a categorical variable according 
Statistical Analyses
We compared differences in subject characteristics by ethnicity using chi-square tests for categorical variables and Kruskal-Wallis test for continuous variables. To evaluate the influence of BMI on overall HRQoL scores, we performed multiple linear regression (MLR) analyses with overall HRQoL scores as dependent variables in separate models, while adjusting for other covariates that may potentially influence HRQoL including sociodemographic (i.e., age, sex, ethnicity, and years of education) and other factors including marital status (yes/no), smoking status (yes/no), work status (yes/no), presence of chronic medical conditions, and FFM scores. To allow for comparisons with other published studies, we used BMI categories defined according to WHO International classification (i.e., non-Asian classification) in the MLR analyses.
To evaluate the influence of BMI on individual attributes of HRQoL, we performed MLR analyses with HUI2 and HUI3 individual single-attribute utility scores as dependent variables in separate models, while adjusting for the potential influence of sociodemographic and other covariates (as specified above). As individual attribute scores are not available for EQ-5D and SF-6D, we collapsed responses to EQ-5D and SF-6D items into two levels-with or without problems, and performed multiple logistic regression (LOGIT) with these dichotomous responses as dependent variables in separate models. This approach of collapsing responses has also been used in other studies [49, 50] . We similarly adjusted for the potential influence of sociodemographic factors and other covariates.
To evaluate if HRQoL impairment is greater at BMI lower than the existing WHO cutoffs, we compared, using Kruskal-Wallis tests, median HRQoL scores across the five predefined BMI categories that contrast the International and Asian cutoffs as aforementioned. Statistical significance was defined at P < 0.05. We did not adjust for multiple comparisons as based on the approach taken by several respected researchers that the presumption (of "universal" null hypothesis) underlying the theory of adjustment for multiple comparisons does not hold [51] [52] [53] .
Results
Subjects
Of 660 subjects approached, 574 participated (response rate: 87%), 108 did not complete the study, another 55 subjects were excluded from this analysis because 23 had missing sociodemographic or clinical information, 29 had missing HRQoL data, and three had BMI above 50.0 kg/m 2 (identified as outliers by visual inspection of scatter plots). Thus, a total of 411 subjects (40% Chinese, 31% Malays and 29% Indians) provided complete data for analysis. The percentage of obese subjects was 19% by the WHO International classification and 33% by the WHO Asian classification. Details of subject characteristics and HRQoL scores are summarized in Table 1 . As compared with other ethnic groups, Chinese subjects reported significantly more years of education and lower FFM scores while Malay subjects reported a significantly higher prevalence of chronic medical conditions, and higher HUI3 and SF-6D utility scores.
Influence of BMI on Overall HRQoL Scores (Table 2)
With or without adjustment for sociodemographic factors and other covariates, compared to normalweight subjects, a trend of underweight and obese subjects reporting lower overall HRQoL scores (i.e., negative regression coefficients) was observed on most instruments, with some of these differences being statistically significant but not clinically important. Compared to normal-weight subjects, pre-obese subjects generally reported better (albeit marginally) overall HRQoL scores on all instruments except the SF-6D. Using the SF-6D, pre-obese subjects reported worse (albeit marginally) overall HRQoL scores compared to normal-weight subjects. 
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Without adjustment for sociodemographic factors and other covariates, compared to normal weight subjects, obese subjects reported significantly lower EQ-5D utility scores (regression coefficient: -0.057, P = 0.015). Nevertheless, with adjustment for sociodemographic factors and other covariates, the impact of obesity on EQ-5D utility scores (-0.036, P = 0.13) was no longer statistically significant. Without adjustment for sociodemographic factors and other covariates, compared to normal weight subjects, underweight subjects reported lower EQ-VAS scores (regression coefficient: -9.4, P = 0.012), which were both statistically significant and clinically important. With adjustment for sociodemographic factors and other covariates, underweight subjects reported lower EQ-5D utility (-0.096, P = 0.026) and EQ-VAS scores (-10.8, P = 0.005), the magnitude of which was both statistically significant and clinically important, as well as lower HUI2 (-0.034, P = 0.32) and HUI3 (-0.097, P = 0.085) utility scores; the differences were clinically important but did not reach statistical significance.
Interestingly, among all BMI categories, underweight rather than obese subjects reported the largest decrements in EQ-5D utility, EQ-VAS, HUI2 and HUI3 utility scores while obese subjects reported the largest decrements in SF-6D utility scores. As coexisting chronic medical condition was a potential confounder in this situation, we evaluated the prevalence of any chronic medical conditions across BMI categories and found that they were not significantly different. The prevalence of chronic medical conditions in the various BMI categories were 82% (underweight), 57% (normal), 64% (pre-obese) and 69% (obese), respectively (P = 0.091). Prevalence of specific chronic medical conditions (e.g., diabetes, hypertension, etc.) was also similar across BMI categories (results not shown).
Influence of BMI on Individual HRQoL Attributes (Tables 3 and 4)
Without adjustment for sociodemographic factors and other covariates, the influence of BMI on individual HRQoL attributes was statistically significant for HUI2 pain, HUI3 dexterity and pain, EQ-5D mobility and usual activities, as well as SF-6D role limitations and pain attributes (Tables 3 and 4 , results shown only for those attributes reaching statistical significance). With adjustment for sociodemographic factors and other covariates, compared to normalweight subjects, underweight subjects reported significantly lower HUI3 pain scores (regression coefficient: -0.10, P = 0.001, Table 3 ) and greater odds of reporting problems on EQ-5D usual activities (odds ratio: 8.3, P = 0.011, Table 4 ).
With adjustment for sociodemographic factors and other covariates, compared to normal-weight subjects, obese subjects reported significantly lower HUI2 pain scores (regression coefficient: -0.035, P = 0.029, Table 3 ) and greater odds of reporting problems on SF-6D role limitations (odds ratio: 2.9, P = 0.005, Table 4 ).
Overall HRQoL Scores Across Five BMI Categories
Median overall HRQoL scores were not significantly different across the five BMI categories (Table 5) , suggesting that unlike risk of Type 2 diabetes and cardiovascular diseases, use of the different BMI cutoffs would have no impact as far as HRQoL is concerned. 
Discussion
In this exploratory study, the first of its kind in a multiethnic Asian population and one of only two published Asian studies, we evaluated the association between BMI and HRQoL. As hypothesized, the magnitude of decrements in overall HRQoL scores was larger for obese compared to pre-obese subjects. Nevertheless, contrary to our a priori hypothesis, compared to normal weight subjects, pre-obese subjects reported marginally better overall HRQoL scores on five of six HRQoL instruments. Furthermore, we were surprised to find that underweight, rather than obese subjects, reported the largest decrements in overall HRQoL scores for four of five instruments. We regard these findings as interesting but preliminary given the small number of underweight subjects in this study. In addition, it is perhaps noteworthy to find that median HRQoL scores across five BMI categories (defined to reflect the different cutoffs between International and Asian BMI classifications) were not significantly different, thus suggesting that the use of these different BMI cutoffs would have no impact as far as HRQoL is concerned. If this result is confirmed in additional studies, it might imply that the same WHO International classification may be used in both Asian and Caucasian studies evaluating the association between BMI and HRQoL, thus enhancing the comparability of findings from such studies.
Our observation that underweight subjects reported worst HRQoL compared to pre-obese and obese subjects differs from published studies [22, 23] deserves comment. First, the discrepancies in our findings were unlikely to be explained by choice of instrument as identical instruments (EQ-5D, EQ-VAS, and the SF-6D) were used by Sach et al. [23] . Second, the discrepancies were unlikely to be attributed to poor construct validity of these instruments as the validity of these instruments in this study population have been previously or are currently being reported (see Methods). Third, error in BMI measurement is unlikely to explain the discrepancies as we used actual measurements of weight and height, rather than figures based on self-report [22, 23] . In fact, among all identified population-based studies evaluating the relationship between BMI and HRQoL [18] [19] [20] [21] [22] [23] , ours was the only study to use actual measurements of weight and height. Discrepancies in actual and self-reported 
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weight and height have been previously reported [54] . Fourth, cultural differences were also unlikely to fully explain the discrepancies in findings as a study among Chinese in Taiwan [22] also found that higher BMI was associated with worse physical (but not mental) HRQoL measured using the SF-36. Having ruled out several possible sources of errors, we shall attempt to provide some plausible explanations for the observed discrepancies, although these need to be confirmed in future studies. First, BMI may not be an appropriate marker for obesity even though it is most easily measured [27] . In view of this, further studies are required to study the association between obesity and HRQoL using other markers of obesity such as waist-to-hip ratio or percent body fat. Second, another possible explanation is that the effect size of the influence of BMI on HRQoL is generally small. In the only published study that directly reported the effect sizes of the influence of BMI on SF-36 subscales and summary scales [22] , the effect size did not exceed 0.5 (Cohen's definition of medium effect size) [55] for any of the subscales or summary scales, with the largest effect size of 0.34 being reported for obese subjects on the physical functioning subscale without adjusting for any covariates. Third, it should be noted that BMI is a risk factor of poor health. Being obese increases the probability of developing chronic conditions such as type 2 diabetes and cardiovascular disease. Thus, the absence of a stronger relationship between current HRQoL and current BMI in a cross-sectional analysis may be because of the effects of BMI on health status and therefore HRQoL have not yet occurred. It will be important to explore the relationship between BMI and HRQoL in longitudinal studies.
Limitations
We recognize several limitations of this study. First, our subjects were recruited from a primary care setting and our findings may therefore not be generalizable to the general population. Nevertheless, our results are interesting in suggesting that the association of BMI with HRQoL among Asians could be different from that among Caucasians and provides a basis for future research. Second, as the number of underweight subjects is small (n = 17), and confidence interval is wide for some results, we advise caution in interpreting the findings. Further studies with disproportionate sampling to include a larger number of underweight subjects may be useful to confirm our findings. Third, we have computed health utility scores using population preference weights from the UK and Canada and these may not fully reflect local preferences. Nevertheless, this is a pragmatic compromise as a Singapore utility function was not available at the time of this study. Fourth, the cross-sectional nature of this study does not allow us to make any inferences about the causal associations between BMI and HRQoL. Future prospective longitudinal studies are required to better understand the causal association, if any, between BMI and HRQoL. Finally, although obesity-specific HRQoL instruments could be more sensitive than the generic instruments that we had used in our study, the reliability and validity of such instruments have not been previously evaluated in this multiethnic Asian population and are thus not available for use in our study.
Conclusions
In conclusion, in this multiethnic Asian population, underweight subjects unexpectedly reported poorer HRQoL than normal weight, pre-obese, and obese subjects on five of six HRQoL instruments. If further studies confirm that the use of the different BMI cutoffs would have no impact as far as HRQoL is concerned, then the WHO International classification may be used in both Asian and Caucasian studies evaluating the association between BMI and HRQoL, thus improving the comparability of findings from such studies.
